Abstract Four species of adult Carapini (Carapidae) occur on Polynesian coral reefs: Encheliophis gracilis, Carapus boraborensis, C. homei and C. mourlani. Samples collected in Rangiroa and Moorea allowed us to obtain different tenuis (larvae) during their settlement phases or directly inside their hosts. These were separated into four lots on the basis of a combination of pigmentation, meristic, morphological, dental and otolith (sagittae) features. Comparison of these characters with those of the adults allows, for the first time, taxonomic identification of these tenuis-stage larvae.
Introduction
The Carapidae are a highly specialised family of shallow to moderately deep-dwelling fish which principally occur in tropical seas (Markle and Olney 1990) . Although some species are free-living, others are usually found inside different invertebrates (holothurians, asteroids and bivalves).
Generally speaking, the different growth stages (Youson 1988) of Carapidae are roughly known (Trott 1981) . After the hatching of elliptical eggs (Emery 1880; Arnold 1956 ), planktonic Carapidae larvae are called vexillifer, due to the vexillum, a highly modified first ray of the dorsal fin (Robertson 1975; Olney and Markle 1979; Govoni et al. 1984) . The disappearance of the vexillum and the significant lengthening of the body bring a second larval stage, the tenuis (Padoa 1947; Strasburg 1961; Markle and Olney 1990) . At this stage, the fish larvae leave the pelagic area and some of them (e.g. Carapus acus, C. bermudensis) may enter a benthic host for the first time (Arnold 1956; Smith 1964; Smith and Tyler 1969; Smith et al. 1981) . The tenuis shortens considerably and reaches the juvenile stage (Strasburg 1961) . A further lengthening and thickening of the body leads the Carapidae to its adult form.
Vexillifer and tenuis forms are poorly known, and have often incorrectly been considered two different species (Padoa 1947) . Several larvae have been described at the generic or specific level. However, this has only been done when the genus was represented by a single species in a given location (Arnold 1956; Strasburg 1965; Robertson 1975; Olney and Markle 1979; Ambrose 1996; Olney et al. 2000) .
Four species of Carapini (Carapidae) occur in French Polynesia: Encheliophis gracilis (Bleeker, 1856), Carapus boraborensis (Kaup, 1856), Carapus homei (Richardson, 1844) and Carapus mourlani (Petit, 1934) . Usually, the first three are found in holothurian hosts, while C. mourlani inhabits asterian hosts (Markle and Olney 1990; Parmentier et al. 2000) . E. gracilis displays parasitic behaviour, while the three other species are commensal (Strasburg 1961; Trott 1970; Trott and Trott 1972; Parmentier et al. 2000) . This difference in behaviour is reflected in the buccal and pharyngeal jaw morphology (Parmentier et al. , 2000 Vandewalle et al. 1998) .
Several tenuis types were collected during the settlement phase or inside holothurians in waters around the island of Moorea and the atoll of Rangiroa (French Polynesia). The tenuis stages were then described and compared with adults collected in the same areas to identify to the species level.
Materials and methods
Adult specimens of Carapus mourlani, C. boraborensis, C. homei and Encheliophis gracilis were collected in front of the Opunohu Bay, Moorea, French Polynesia. The first species was found in the coelomic cavity of Culcita novaeguineae (asterid), and the three others were either in the coelomic cavity or in the respiratory trees of three holothurians: Bohadschia argus, Thelenota ananas and T. anax. These echinoderms were collected using SCUBA diving at depths from 3 to 20 m between July and August 2000. C. boraborensis and C. homei tenuis were also found in B. argus and T. ananas. During the same period, C. homei and C. mourlani tenuis were caught at night as they arrived on the reef crest; the net (1.5 m wide·0.75 m high·5 m long, 1 mm mesh net) was similar to one used by Dufour et al. (1996) . C. boraborensis, C. homei and E. gracilis tenuis were also caught during January and February 1998 on the North coast of the Rangiroa atoll. All specimens were stored in 70% ethanol. A total of 19 tenuis and 4 adults of C. homei, 11 tenuis and 6 adults of C. boraborensis, 3 tenuis and 3 adults of C. mourlani and 3 tenuis and 3 adults of E. gracilis were used.
Optical sections of sagittal otoliths were prepared by mounting otoliths on a glass side in the thermoplastic cement Crystal Bond. A double polishing procedure in a frontal plane was used to obtain thin sections (10-40 lm) of the sagitta. Ventral and dorsal sides were polished with different grained sandpaper (600-800 and 1200 grain sizes). A 0.3 lm grained paper was then used for the fine polishing. The sections were observed with a polarising Olympus BX50 microscope coupled with an Olympus OM-4 Ti camera. Different specimens (adult and tenuis) of each species were stained with alizarin red S according to Taylor and Van Dyke's method (1985) . However, the tenuis were not bleached with H 2 O 2 , to avoid breaking the melanophores. The stained fish were dissected and examined with a Wild M10 binocular coupled with a camera lucida.
Results
Based on a combination of features related to their pigmentation, skull morphology, dentition and otoliths (sagittae), whole examined tenuis larvae were sorted into four groups. Comparison of tenuis characters with the previously described adult features (Markle and Olney 1990; Parmentier et al. 1998 Parmentier et al. , 2000 Vandewalle et al. 1998 ; present study) enabled identification to species level. Tenuis species is given in both text and figures to avoid confusion.
Patterns of coloration
All the species show melanophores, more-or-less burst, arranged in a rosette around each nostril. Encheliophis gracilis is distinguishable from the three other species by the distribution of reddish spots on the translucent body of the living animal. The three other tenuis also have a translucent body with inconspicuous and scattered pigmentation. The staining, according to the slightly modified Taylor and Van Dyke (1985) method, allows better retention of the melanophores but not the erythrophores (red chromatophores). Only the stained Carapus boraborensis tenuis has minute brown melanophores situated on the anal fin, between the pterygiophores. C. homei and C. mourlani have similar coloration patterns: orange-coloured spots are present on the anal fin, on the dorsal side of the neurocranium and on the abdominal cavity, behind the scapula. However, circular melanophores are present on the dorsal side of the swim bladder only in C. mourlani (Fig. 1 ). In the three other species, dorsally the swim bladder has star-shaped melanophores giving an overall brownish tint (Fig. 1 ).
Morphometry and meristics
Body and head length are shown in Table 1 . Total length was not measurable for all the specimens due to the fragile nature of the caudal filament. Head length (from the symphisis of the upper jaws to the posterior end of the opercle) was measured on alizarin-stained specimens. C. boraborensis tenuis are the smallest, E. gracilis have an intermediate length, while C. homei and C. mourlani are the longest.
Meristic counts are presented in Table 2 . With the available data, only C. homei is distinguishable from the others by the number of anal rays to the 31st vertebra (A 30 ) and the number of anal rays to the dorsal fin origin (ARDO). 
Morphology and dentition
The adult skull bones are present in the tenuis of the four species, but the calcification is incomplete (Fig. 2) . The premaxillaries of E. gracilis, C. boraborensis, C. homei and C. mourlani tenuis bear a single cardiform tooth anteriorly, under the premaxillary ascendant process. The other teeth of the upper jaw are different in number and in size among the four species. C. boraborensis tenuis possess minute teeth along the entire length of the premaxillary (Fig. 2) . C. homei and C. mourlani tenuis have larger conical teeth, but these are not present on the posterior part of the premaxillary. A few smaller teeth are also present on the anterior part of the premaxillary in E. gracilis (Fig. 2) . The dentary of E. gracilis, C. mourlani and C. homei tenuis is characterised by conical teeth in a single row, while that of the C. boraborensis tenuis has minute teeth similar to those on its premaxillary. Small conical palatine teeth were found in the tenuis of all species except C. boraborensis.
All bones constituting the adult branchial arcs are present in the tenuis, although calcification and dentition are incomplete. E. gracilis tenuis are characterised by cardiform teeth located on the inner lateral side of the 5th ceratobranchials (Fig. 3) . These teeth are conical and situated on the 5th ceratobranchials' upper face in the three other species. E. gracilis tenuis is also the only one to possess long and tapered teeth on the upper pharyngeal jaws (2nd, 3rd and 4th pharyngobranchials). These are shorter and thicker in C. boraborensis, C. homei and C. mourlani.
The four species' tenuis have three gill rakers on the posterior part of the first ceratobranchial. These correspond to the developed gill rakers observed in the adults ). However, the small conical gill raker teeth are not yet present in all tenuis. As in the adult, gill raker teeth of the C. homei tenuis are set dorsally in a single row. However, one to three teeth can be set in a second row at the basis of the C. homei adult gill raker (Fig. 4) . Gill raker teeth are arranged dorsally in two rows in both the tenuis and the adult of C. mourlani. More than two rows are present in both the tenuis and the adult of C. boraborensis. However, the small number of teeth borne on the tenuis gill rakers of C. mourlani and C. boraborensis does not always distinguish the two species. The gill rakers of the E. gracilis tenuis can bear up to two teeth, while these gill rakers are atrophied and toothless in the adult (Fig. 4) .
The tenuis of all four species have pleural ribs on the first three vertebrae (Fig. 2) , the third pair has a posterolateral expansion, as is also the case in adults (Courtenay and McKittrick 1970; Markle and Olney 1990) . The E. gracilis tenuis has a distinctive feature in the great length of the dorsal side of the first three vertebrae of the neural spine (Fig. 2) .
Otoliths
As in several tropical reef fishes (Wilson and McCormick 1999) , the settlement stage of the four Carapidae species coincides with a modification in otolith microstructure, while the increments (i.e. larval ring) before this discontinuity are known to be representative of the duration of pelagic life (Brothers et al. 1983; Wilson and McCormick 1999) . It is therefore possible to use otoliths to differentiate between adult and tenuis stages. The more highly marked refringency and the compactness of the larval rings distinguishes them easily from further increments (Fig. 5) . In the tenuis, the increment rings occupy most or all of the otolith. Counts of sagitta rings in adult and tenuis stages of the four Carapini species are presented in Table 3 .
The C. boraborensis sagitta has the lowest number of larval rings, which clearly distinguished it from the other species. Although there is a small difference in the average number of rings between the tenuis and the adult of E. gracilis, there is no overlap with C. boraborensis and C. homei. The ring numbers overlap in C. homei and C. mourlani and do not enable separation of these species.
Discussion
Carapidae are divided into two subfamilies: Pyramodontinae and Carapinae. According to Markle and Olney (1990) , the tenuis stage is a synapomorphy of two Carapinae tribes: Echiodontini and Carapini. However it can be reduced or missing in different species of the Echiodontini tribe (Olney et al. 2000) . Adult Carapini possess different autapomorphies (Markle and Olney 1990; Parmentier et al. 2000) among which at least two are already present in the four studied tenuis lots: the presence of a cardiform tooth on the outer premaxillary side and the posterior expansion of the third pleural rib (Fig. 2) . A rosette of melanophores on the snout is a synapomorphy of various vexillifer and tenuis larvae of the Carapini tribe (Arnold 1956; Olney and Markle 1979; Smith et al. 1981; Markle and Olney 1990; Olney et al. 2000) . The occurrence of such a rosette on the four studied species confirms their assignment to the Carapini tribe. The tenuis of the four Polynesian Carapidae species may be distinguished by the following characters:
1. Encheliophis gracilis. The tenuis are easily distinguishable from those of the three other species by the presence of reddish spots scattered over the body. Two other features aid the identification: the presence of cardiform teeth on the inner lateral side of the inner pharyngeal jaws Parmentier et al. 2000) and the flattened form of the dorsal neural spine (Markle and Olney 1990) ; both are features encountered in the adult. 2. Carapus boraborensis. The tenuis can be identified by the minute teeth of the jaws, anal fin rays to the 31st vertebra, the small body length (<100 mm) and the presence of small melanophores between the ventral fin rays. The small number of larval rings on the sagittae and the teeth on the gill rakers are both features that confirm their assignment to this species. 3. C. homei and C. mourlani. In appearance, the tenuis of both species have very similar colour patterns. Moreover, meristics, morphometrics and the number of larval rings do distinguish them. This situation is found also in the adults of both species (Markle and Olney 1990 ). According to Shen and Yeh (1987) , Machida (1989) and Markle and Olney (1990) , the latter are however recognisable on the basis of three features: C. homei possess (a) a translucent body, (b) a swim bladder without a central constriction and (c) are usually commensal in holothurians; while C. mourlani has (a) several melanophores along the body, (b) a swim bladder with a central constriction and (c) preferably inhabits asterians. Moreover, the adult of C. homei has, at the level of the lateral line, an abdominal cavity with glints of silver, while this appears copper coloured in C. mourlani (authors, personal observations). These features are useless in the identification of tenuis larvae because the colour patterns are similar, the swim bladder is not completely formed and the host has not yet been encountered. However, this study has revealed a difference between the tenuis gill raker teeth (when these are present) that is also present in the adult: a single row in C. homei and two rows in C. mourlani. The C. mourlani tenuis also possess circular melanophores on the dorsal part of the swim bladder, while the C. homei tenuis possess star-shaped melanophores.
In teleosts of the tropical seas, the number of larval rings is an indicator of the length of time spent in the pelagic stage before the larva settles (e.g. Brothers et al. 1983; Wilson and McCormick 1999) . Otolith increments are general considered to be daily (e.g. Victor 1982) . C. boraborensis, with the smallest of number rings and, thus, having the shortest pelagic stage, is also the species with the weakest dentition in buccal and pharyngeal jaws and the shortest head and body length. The C. homei tenuis has the longest head and body length with the most well-developed dentition and a high number of larval rings. Its pelagic life, therefore, appears to be longer than that of the C. boraborensis tenuis. However, the adults of the latter attain a larger size (Markle and Olney 1990 ) and possess better developed dentition than C. homei adults (Parmentier et al. 1999) . During the settlement phase, the morphology and dentition of the C. boraborensis tenuis are less developed than those of C. homei. After settlement, the C. boraborensis tenuis does not seem to reach the length of C. homei. The settlement phase, which corresponds to the first contact with a host, and the following metamorphosis (for example the shortening of body length) are not related to growth. In this context, the hypothesis that the host could have an inductor function for metamorphosis is credible and worth further examination. 
